Purpose The sacroiliac joint (SIJ) may be a cause of sciatica. The aim of this study was to assess which treatment is successful for SIJ-related back and leg pain. Methods Using a single-blinded randomised trial, we assessed the short-term therapeutic efficacy of physiotherapy, manual therapy, and intra-articular injection with local corticosteroids in the SIJ in 51 patients with SIJ-related leg pain. The effect of the treatment was evaluated after 6 and 12 weeks. Results Of the 51 patients, 25 (56 %) were successfully treated. Physiotherapy was successful in 3 out of 15 patients (20 %), manual therapy in 13 of the 18 (72 %), and intra-articular injection in 9 of 18 (50 %) patients (p = 0.01). Manual therapy had a significantly better success rate than physiotherapy (p = 0.003). Conclusion In this small single-blinded prospective study, manual therapy appeared to be the choice of treatment for patients with SIJ-related leg pain. A second choice of treatment to be considered is an intra-articular injection.
Introduction
Radiating pain in the leg is a very common complaint. Yearly 60,000-75,000 patients visit a general practitioner in the Netherlands with this complaint [1] . If pain radiates below the knee it is called sciatica, which can be accompanied by neurological deficits when underlying nerve root compression is present due to a herniated disc, lateral recessus stenosis, or tumor. Although sparsely mentioned in the literature, the sacroiliac joint (SIJ) can also cause sciatica [2] , [3] [4] [5] [6] [7] . Treatment of low back pain with or without radiating pain caused by dysfunction of the SIJ is a complex problem. A large number of treatments have been studied [8] . Conservative management, such as correction of leg length discrepancy or programs of stabilisation with exercises are used. Other therapies include manual therapy, radiologically guided intra-articular injections with steroids and local anesthetics, and radiofrequency denervation.
In a prospective study, we included patients with radiating pain below the buttocks, performed neurological and musculoskeletal system examinations with specific clinical pain provocation SIJ tests and additional radiological and laboratory studies to assess the incidence of SIJ-related pain in this patient group and found that 77 (41 %) of the 186 included patients had SIJ-related leg pain [9] . Until now, no prospective randomised studies have been performed to examine the effect of different treatment modalities in patients with SIJ-related leg pain. Therefore, the aim of this study was to examine prospectively the short-term effects of physiotherapy, manual therapy, and intra-articular injection on pain scores.
Patients and methods
The medical ethical committee approved the procedures and design of this study. All participants completed an informed consent form.
Study population
Patients with sciatica were referred by their General Practitioner (GP) to our outpatient clinic. The patients were recruited prospectively and they participated in a larger study examining the prevalence and characteristics of SIJrelated leg pain [9] . All patients underwent a physical, neurological examination, clinical pain provocation SIJ tests, X-ray of the pelvis, and MRI of the lumbar spine and SIJs. Laboratory testing involved: erythrocyte sedimentation rate, leucocytes, calcium, alkalic phosphatase, rheumatoid factor, and Borrelia Burgdorferi serology. At the second visit, a further physical and neurological examination was performed, together with clinical pain provocation tests [9] .
Inclusion and exclusion criteria
Patients with the diagnosis of SIJ-related pain were asked to participate in this trial. Inclusion criteria for the study were the presence of: (i) SIJ-related pain as defined below and (ii) leg pain for more than 4 weeks but less than 1 year duration. Exclusion criteria were: (i) pregnancy; (ii) previous back surgery, and (iii) inability to perform follow-up investigations.
Diagnostic criteria of SIJ-related leg pain
The diagnosis of SIJ-related leg pain was based on clinical and radiological grounds. SIJ-related leg pain was defined as:
1. radiating pain below the buttocks, 2. pain present in the region of SIJ, 3. three or more positive provocation sacroiliac tests at first visit and confirmed at the second visit, 4. exclusion of other causes which can give radiating pain in the leg by the additional investigations.
4a Absence of nerve root compression caused by a herniated disc, foramen stenosis or tumor. 4b Absence of Lyme disease, or other infectious diseases.
5. Exclusion of sacroiliitis in inflammatory spondyloarthropathies.
Neurological examination and examination of the musculoskeletal system
The neurological examination consisted of testing the strength of the muscles of the lower extremity, the ankle and knee reflexes, straight leg raising test as well as the Bragard test. The back was also examined for lumbar scoliosis, hypertonic back muscles, lumbar range of motion, Kemp test, and pressure pain at the SIJ.
SIJ provocation tests
Four different SIJ provocation tests were performed (i.e., Gaenslen's test, compression test, thigh trust, and Yeoman's test) [10] . The Gaenslen test: this pain provocation test applies torsion to the joint. With one hip flexed onto the abdomen, the other leg is allowed to dangle off the edge of the table. Pressure should then be directed downward on the leg in order to achieve hip extension and stress the SIJ. The Compression Test is performed by applying compression to the joint with the patient lying on his or her side. Pressure is applied downward to the uppermost iliac crest. Thigh Thrust applies anteroposterior shear stress on the SI joint. The patient lies supine with one hip flexed to 90°. The examiner stands on the same side as the flexed leg. The examiner provides either a quick thrust or steadily increasing pressure through the line of the femur. The pelvis is stabilised at the sacrum or at the opposite ASIS with the hand of the examiner. Yeoman's test stresses the SIJ by extending the leg and rotating the ilium. A positive test produces pain over the back of the SIJ.
Blinding
We performed a single-blinded randomised trial to treat SIJ-related pain. We used a random-number generator to generate a randomisation list before the study began. We prepared individual, sequentially numbered index cards with the randomisation assignments. We randomly assigned patients to one of the three groups: (1) physiotherapy, (2) manual therapy, or (3) intra-articular steroids in the SIJ. The trial nurse opened the envelope and arranged the specific treatment for the patient.
Treatment
Patients were randomised into one of the following three treatments, i.e., physiotherapy, manual therapy, or intraarticular injection. Physiotherapy consisted of exercising therapy following a fixed schedule aiming at improving the flexibility of the SIJ and strengthening the muscles of the back and pelvic floor muscles. This therapy consisted of five exercises as shown in Supplementary figure. All patients received an exercise instruction booklet that outlined the proper performance and frequency of each exercise and they were instructed by the physiotherapist to perform their assigned exercise program. Patients were guided by a specialized physiotherapist once a week, with a maximum period of 6 weeks. One series of exercises took 6 min. These exercises had to be performed five to six times a day during the first week of treatment, followed by three times a day during subsequent weeks until the complaints had disappeared. Manual therapy consisted of manipulation techniques in order to mobilize the SIJ. During two sessions with an interval of 2 weeks, patients received high-velocity thrust SIJ manipulation techniques.
A radiologically guided injection using fluoroscopy in the SIJ was performed by an anesthesiologist. All patients received a booklet that outlined the procedure. The SIJ at the affected side was injected using a 25 gauge 3.5 spinal needle with a mixture of 30 mg of lidocaïne and 20 mg kenacort. The total amount given variated from 0.6 to 2.0 ml (mean 1.1 ml) depending on the occurrence of resistance or extravasation of the injectate. After the procedure the patients were advised to take a supine position for 1 h and not perform heavy exercises the first 24 h after the procedure. If the injection proved beneficial at first, but pain returned within a few days, a second injection 2 weeks after the initial one was administered.
Measurements
Before the start of the treatment there was a baseline measurement (T1), the first follow-up was 6 weeks after the start of the treatment (T2), and the final follow up at 12 weeks (T3). The visits took place at the Outpatient Clinic of our Neurology Department and examination was performed by one of the two researchers. As it was a single-blinded study, the researcher did not know what treatment the patients had received. Moreover, patients were informed not to disclose their treatment.
At each visit the patients had to indicate whether the symptoms improved or worsened. We used a four point scale: complete relief of complaints, improvement of complaints, worsening of complaints, much worsening of complaints. At each visit, patients also completed a pain score form, consisting of the visual analog score (VAS) for average pain. Patients also were asked to fill in the RAND-36 questionnaire at each visit. This questionnaire assesses health status. It consists of eight scales, physical functioning, social functioning, role limitations caused by physical problems, role limitations caused by emotional problems, mental health, pain, general health perception, and health change. The RAND-36 questionnaire is valid and reliable [11] .
Outcome criteria Primary outcome was the success rate of each treatment. A treatment was considered a success in the following cases:
• Patients had a complete relief of complaints at T2 or T3, or • VAS-score for average pain at T3 being lower than VAS score at T1.
A treatment was considered a failure in following cases:
• Patients who dropped out before T3 because of worsening of complaints, or • VAS-score for average pain at T3 being higher or equal as at T1.
In case of worsening of symptoms at T2, some patients preferred one of the other treatments which they then received. The initial treatment was then considered a failure.
Secondary outcome was the change of VAS scores, an improvement of at least 2 in the VAS from T1 to T3 [12] and RAND-36 scale scores between T1 and T3.
Statistical analysis
Statistical analysis was performed with SPSS version 16.0. The level of statistical significance was set at p \ 0.05. Descriptive statistics, student t-tests and Chi square tests were used to compare participants and non-participants, with regard to demographic characteristics (age, sex) and clinical characteristics (duration of the complaints). The data was analysed according to the intention-to-treat principle. Friedman's ANOVA was used to compare VAS scores and RAND-36 subscale scores at T2 and T3 with the scores at T1.
Results
Eighty-four patients with SIJ-related leg pain were asked to participate in this study (Fig. 1) ; 77 were recruited from our first prospective study [9] and during this extension, treatment study an additional seven patients were recruited following the same protocol. Fifty-one (61 %) agreed and thirty-three (39 %) did not take part in this study. Of these patients, 19 preferred a particular treatment or refused a treatment modality (ten preferred an injection, one chose manual therapy, three opted for physiotherapy and five explicitly did not want an intra-articular injection). One patient sought a second opinion elsewhere, one patient had psychosocial problems, and in 12 patients the motive was unknown. There were no significant differences for age, gender nor duration of complaints between participants and non-participants. The study group (n = 51) consisted of 37 women (73 %) and 14 men (27 %). Mean age was 46.2 years (SD = 13.9, range 20-73).
Fifteen patients were randomized for physiotherapy, 18 for manual therapy and 18 for an intra-articular injection.
The baseline characteristics between the three groups were not statistically different (Table 1) .
Five of the 15 patients stopped physiotherapy within 6 weeks after start of treatment and opted for another therapy because of worsening of signs and symptoms, while this occurred in 2 of the 18 patients who received manual therapy and 1 of the 18 patients who received intraarticular injection. Four of the 18 patients with intraarticular injection received a second intra-articular injection.
Primary outcome
In total, 25 patients were successfully treated (56 %). In the physiotherapy group, therapy was successful in three out of 15 patients (20 %), in the manual therapy success was present in 13 of the 18 (72 %), and with intra-articular injection the success rate was 50 % (9 of the 18 patients) ( Table 2 ).
There was a significant association between the type of therapy and its success (p = 0.011). Comparing two therapies on their success, a significant difference was found between manual therapy and physiotherapy (p = 0.003). No differences were found between intra-articular injection and manual therapy (p = 0.17) nor between physiotherapy and intra-articular injection (p = 0.07).
Secondary outcome
Pain scores and RAND-36 scales were compared at T1, T2, and T3. The mean scores and standard deviations are shown in Table 3 . Compared with T1, patients who received physiotherapy or intra-articular injection had no significant improvements at T2 or T3 for pain or RAND-36 scales. For manual therapy, there was a significant improvement on pain (p = 0.014). Pain levels significantly improved between T1 and T2 (p = 0.034) and between T1 and T3 (p = 0.018). The mean difference of the VAS score between T1 and T3 after manual therapy was almost two points. An improvement of at least 2 in the VAS from T1 to T3 occurred in 3 (20 %) of the 15 patients who received physiotherapy, 10 (56 %) of the 18 patients with manual therapy, and 5 (28 %) of the 18 patients who received an intra-articular injection.
In addition, the manual therapy improved significantly from T1 onwards on most RAND-36 scales, except general health perception (p = 0.674) and health change (p = 0.092). After the Bonferonni correction was applied, significant changes between T1 and T2 were found for RAND-36: social functioning (p = 0.006). Significant improvement between T1 and T3 were found for physical functioning (p = 0.005), mental health (p = 0.005), vitality (p = 0.005), and pain (p = 0.005).
Discussion
Pain generated from the SIJ can result in back pain with or without radiating pain. A large number of treatments have been studied in the patient group with SI back pain [8] . In this study, we focused on a specific subgroup of patients, namely those with SIJ-related leg pain. Patients were usually referred by the general practitioners with the question whether they had a radiculopathy, due to a herniated lumbar disc. SIJ-related leg pain in our study was defined as: radiating pain below the buttocks, pain present in the region of SIJ, three or more positive provocation sacroiliac tests present at two consecutive visits, exclusion of other causes which can give sciatica or radiculopathy by MRI-imaging and exclusion of sacroiliitis. We think that this patient group is different from the patients with SIJ pain presenting with mainly back pain. This may explain the higher incidence of 41 % of patients with SIJ related leg pain, in comparison to the percentage reported by Schwarzer et al. [13] , who found that in approximately 30 % the SIJ was the pain generator. It is also possible that we had a higher false-positive rate because we did not Difference in treatment effect between the three groups is significant (p = 0.011) confirm the diagnosis by a double blind intra-articular injection.
After diagnosing SIJ-related leg pain it was not clear how to treat the patient [10] . Therefore, a single-blinded randomised trial was performed to examine the short-term therapeutic efficacy of physiotherapy, manual therapy and intra-articular injection with local corticosteroids in the SIJ in patients with our predefined specific criteria of SIJrelated leg pain. Manual therapy was successful in 72 % of the patients, which was significantly better than the success rate of 20 % in the physiotherapy group, but not more successful than intra-articular injection with local corticosteroids, which showed a success rate of 50 %. A clinical meaningful difference of the VAS score after therapy has been reported to be 1.3-2 points. Such a decrease only occurred after manual therapy. Moreover, patients receiving manual therapy had a significant improvement on physical, social functioning, mental health, and vitality.
In the daily neurological practice, sciatica is common. Therefore, it is likely that sciatica due to SIJ dysfunction is also commonly seen by GPs, physiatrists, orthopedic surgeons, physiotherapists, manual therapists, and anesthesiologists.
An important remark is the lack of a golden standard for the diagnosis of SIJ (related leg) pain. The golden standard for diagnosing SIJ-related pain has been an injection with anaesthetics. The International Association for the Study of Pain has proposed a set of criteria for diagnosing SIJ pain, namely pain in the area of the SI joint, which should be reproducible by performing specific pain provocation tests, or should be completely relieved by infiltration of the symptomatic SI joint with local anesthetics [14] . Our group was diagnosed by these specific pain provocation tests with exclusion of other causes by additional radiological examinations. It was considered important to exclude other possible causes of sciatica by performing X-ray of the pelvis and lumbar spine, MRI of the lumbar spine, and SIJs with additional laboratory testing. This strategy has not been reported before, but according to our opinion very important, because clinical examination alone is not sufficient to diagnose SIJ-related leg pain [9] . A limitation of our study was that we did not confirm the diagnosis by double blind intra-articular injections in the SIJ. We did not perform selective infiltration as a reference test. We had several reasons for this [9] . The first one is the diagnostic value of the SI provocation tests, which were used in this study. Using a threshold of three or more positive provocation test has shown to give a sensitivity of 0.85 and specificity of 0.76 with a diagnostic odds ratio of 17 [15] . In this study, these positive tests had to be confirmed by a second examination. It is not known whether the combination of these tests with an intra-articular injection in the SIJ increases sensitivity and specificity. Moreover, with the intra-articular injection only the joint cavity is infiltrated, while pain can also occur from the structures surrounding the SIJ [15] . Furthermore, the validity of an intra-articular injection is questioned [16] . Most importantly, in this study we wanted to examine prospectively the therapeutic effects of physiotherapy, manual therapy, and intra-articular injection on pain scores in the patients with SIJ-related leg pain. Therefore, we did not want to expose patients to an intra-articular injection of the SIJ prior to the entry to this second study to prevent (negative or positive) bias towards the therapeutic part of the intra-articular injection.
Most therapeutic studies dealing with SIJ-related pain did not use the same criteria as in our study and often examined patients with only (chronic) back pain with reduction of pain after of one or two intra-articular injections in the SI joint. All patients in this study had additional leg pain and only patients with a relatively short history of signs and symptoms were included (presence of leg pain for more than 4 weeks but less than 1 year duration). Therefore, the results of our study cannot be extrapolated to other patient groups with SIJ pain.
A drawback of our study was that we had some difficulty with the inclusion of patients. Of the 84 eligible participants 19 (23 %) had an overt favorite: 10 explicitly wanted an injection, 5 explicitly did not want an intra-articular injection, one wanted only manual therapy and three wanted only physiotherapy. Another limitation was the relatively short follow-up period of 3 months. This follow-up period was chosen for two reasons. The interventions used in our study: physiotherapy, manual therapy or injection had a short duration and we expected to see an effect of this therapy within 6 weeks. Moreover, we had an extra visit at 3 months. The second reason not to include a follow-up period of 6 months was that it is likely that patients will try other therapies when the given treatment is not successful, which would influence our results. We already noticed this during the follow-up of our study and some patients explicitly emphasized the failure of therapy at the first follow-up visit after 6 weeks (see Figure) . As a consequence, the effect after 12 weeks is unclear. Therefore, further research is needed to the long-term effects of therapy in patients with SIJ-related leg pain. In addition, the results of this study should be confirmed by other studies, since the results were based on a relatively small sample.
Another limitation of our study is that we did not perform a McKenzie evaluation prior to SIJ tests to reduce the probability of discogenic low back pain. Its is known that patients with facet joint pain or SIJ pain present with paramidline low back pain, while patients with internal disc disruption more often have midline lower back pain [17] and our group had paramidline lower back pain, namely in the region of the SIJ, thereby reducing the probability of discogenic low back pain.
Intra-articular injection with local corticosteroids showed a success rate of 50 % in our patient group. Liliang et al. [18] performed dual SIJ blocks in 150 patients with seronegative spondyloarthropathy and confirmed the origin of the pain in the SIJ in 39 patients (26 %). Of these 39 patients, 26 (67 %) experienced a significant pain reduction for more than 6 weeks. This percentage is higher than in our group, but by defining responders as patients with a positive effect on two SIJ blocks they made a specific selection of patients with seronegative spondyloarthropathy. By performing a second SIJ block, they excluded initial false-positive patients. Further studies are needed to assess whether two intra-articular injections with local corticosteroids are more effective than one injection.
This study randomised three different therapies, two of which (physiotherapy and manual therapy) have also been frequently prescribed by GPs. Every patient in each subset of treatments: physiotherapy, manual therapy, or intraarticular injection, received the same treatment and did the same exercises as the others in their specific treatment subgroup. Once a week, they were guided by a therapist in the hospital. So, maximum effort was taken to standardize physiotherapy and manual therapy. The physiotherapy scheme used was earlier claimed to be successful [19] . However, our study shows that physiotherapy was least successful in patients with SIJ-related leg pain in this study population.
As a result of this study, manual therapy is the first treatment of choice in patients with SIJ-related leg pain, at least in those who fulfill our inclusion criteria. Although in the literature it has been stated that manual therapy forces the SIJ back into proper alignment, the pathophysiological mechanisms of manual therapy are still unclear. Movement of the SIJ appears to be very small, highly variable, and difficult to measure. Although undoubtedly complex, movement and translation of the SIJ is estimated to be small and variable between individuals. If this treatment fails an intra-articular injection can be considered. Because of our relative small sample size our results should preferably be confirmed by another study with more patients.
